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Abstract
Sputum smear microscopy for the diagnosis of tuberculosis (TB) is cheap and simple but its sensitivity is low. Culture on L€owenstein–Jensen
(LJ) is more sensitive but it takes a long time to yield results. Thin-Layer Agar (TLA) culture was suggested as an equally sensitive and faster
alternative. We evaluated the performance of TLA for diagnosing TB in Jogjakarta, Indonesia. People with suspected TB presenting from July
2010 to July 2011 to two chest clinics of the National TB Control Programme network of Jogjakarta were eligible for inclusion. A sputum
sample was sent to the Gadjah Mada University microbiology laboratory for concentration, smearing, Ziehl–Neelsen staining and culture on
LJ and TLA. Sensitivity of cultures was evaluated against a composite reference standard (any positive culture). Time to detection of
Mycobacteria was recorded. Out of 1414 samples, 164 (12%) were smear positive, 99 (7%) were scanty and 1151 (81%) were negative. On
TLA and LJ respectively, 168 (12%) and 149 (11%) samples were positive, 72 (5%) and 32 (2%) were contaminated (j = 0.64; 95% CI 0.59–
0.69, p <0.01). Using the reference standard, 196 (14%) TB cases were identiﬁed. The sensitivity of TLA was 0.86 (95% CI 0.80–0.90),
signiﬁcantly higher (p 0.03) than for LJ (0.76; 95% CI 0.69–0.81). The median time to detection in days was signiﬁcantly shorter (p <0.01) for
TLA (12; 95% CI 11–13) than for LJ (44; 95% CI 43–45). TLA is a rapid and sensitive method for the diagnosis of TB. Implementation studies
to evaluate the cost-effectiveness and impact of its introduction into programmatic settings are urgently needed.
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Introduction
With an estimated 8.7 million new cases and 1.4 million deaths
in 2011, tuberculosis (TB) remains a serious worldwide health
problem and one of the leading causes of death from infectious
diseases, especially in developing countries [1]. The current TB
control strategy relies mainly on detection and treatment of
active TB. In this framework, the use of a performing
diagnostic method is crucial. Sputum smear microscopy, the
most widely used test, is simple, rapid and inexpensive but it
has a low sensitivity under ﬁeld conditions [2]. Culture is more
sensitive and permits species identiﬁcation and drug suscep-
tibility testing. When performed on solid medium it takes 4–
8 weeks, whereas culture on liquid medium is faster, yielding
results in less than 2 weeks, but it is more expensive and
prone to contamination [2]. Tests based on molecular
techniques are costly, and need sophisticated equipment and
highly skilled personnel [2]. Recently, emphasis has been put
on GeneXpert, a semi-automated molecular assay for the
rapid diagnosis of TB and rifampin-resistant TB [3] but the high
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cost and still unsolved operational concerns limit the feasibility
of its extensive roll out for routine TB diagnosis in
resource-limited settings [4].
There is an urgent need for simple, accurate, inexpensive
and rapid diagnostic tests for TB. Thin-Layer Agar (TLA) has
been proposed as an easily implemented technique of culturing
and identifying Mycobacteria and has been shown to be rapid
and at least equally sensitive as conventional methods [5].
Most of the studies on TLA come from developed countries
[6–8] or from Latin America [5,9–12]. Many included mixed
samples [6–8,11–13], some come from high HIV prevalence
settings [14].
We aimed to compare the performance of culture of
sputum on TLA with culture on L€owenstein–Jensen (LJ)
medium in terms of accuracy, contamination rate and turn-
around time, for diagnosing pulmonary TB, in a setting with
high TB incidence, low HIV prevalence, and limited resources.
Materials and Methods
Study setting
The study took place in Jogjakarta municipality, Indonesia,
which has a population of around 500 000, an estimated TB
incidence of 63/100 000 [15] and 1.9% HIV prevalence among
TB patients [16]. The National TB Programme relies on nine
hospitals, 18 health centres and two chest clinics. Four health
centres perform smear microscopy. The chest clinics perform
smear microscopy, chest X-ray and offer voluntary HIV
counselling and testing; they are run by general practitioners
and they are regularly visited by chest specialists. The clinics
accept patients referred from health centres or self-referred.
The Microbiology Laboratory, Faculty of Medicine, Gadjah
Mada University is a biosafety level II plus TB diagnostic
referral laboratory performing microscopy, Mycobacterium
culture using LJ and drug susceptibility testing using propor-
tional methods. It has a biosafety cabinet class two type B2.
The study was carried out in the two chest clinics and in the
Microbiology Laboratory of Gadjah Mada University and it was
endorsed by the Indonesian National TB Programme.
Participants
Participants were included prospectively. All new patients with
suspected TB presenting from July 2010 to July 2011 to the
chest clinics were eligible. Following national guidelines [17],
they were individuals with cough lasting more than 2 weeks,
never treated for TB. Exclusion criteria were age <18 years,
refusal to participate in the study and inability to produce
sputum. In the ﬁrst phase of the study, non-residence in
Jogjakarta municipality was an exclusion criterion, but from
January 2011 these patients were included because it allowed
for accelerated recruitment without affecting the validity of
results.
Training, supervision and study preparation
To allow performing TLA, two candle jars were added to the
equipment of the laboratory.
The laboratory staff participated in a 6-day training carried
out locally by an expert from the Institute of Tropical Medicine
in Antwerp, Belgium, which covered Ziehl–Nielsen staining
and reading of sputum smears, decontamination, media
preparation, inoculation and reading of TLA. The laboratory
referent and one member of staff participated in a 2-week
training at the Institute of Tropical Medicine. Both trainings
were part of a wider project including other laboratory
techniques. Had TLA been the only subject, we estimate that
5 days would have been sufﬁcient.
The staff of the clinics participated in an initial workshop to
motivate and to familiarize with the study procedures. A ﬁeld
coordinator conducted supervision to check adherence to the
procedures monthly for the ﬁrst 3 months and subsequently
quarterly.
Pre-testing of all procedures was performed 1 week before
the study roll-out.
Sample collection at chest clinic and transportation
Following national guidelines, eligible TB suspects produced
three sputum samples (spot-morning-spot), after receiving
thorough instructions. The ﬁrst sample of this set was used for
the study. In case of failure to produce the ﬁrst spot sample,
the morning sample was used. Samples were collected directly
in a sterile tube and, after preparing a direct smear for
microscopy reading in the chest clinic, they were sent to the
laboratory by a dedicated courier. In case of need to keep
samples overnight, they were kept at 4°C.
Sample processing at Gadjah Mada University Laboratory
After decontamination, concentration and re-suspension of
the pellet, samples were processed for smear microscopy
examination (Ziehl–Nielsen staining) and culture in parallel on
LJ and TLA. Samples were processed in batches of a maximum
of ten samples. Blinded technicians performed the tests and
read the results. When it was not possible to process the
samples on the day of receipt, they were kept at 4°C.
Sputum was digested and decontaminated using the
sodium hydroxide/N-acetyl-L-cysteine method [18], with a
ﬁnal concentration of 1%; neutralization was performed with
sterile phosphate-buffered saline solution. Samples were then
concentrated by centrifugation at 4193 g for 15 min, in a
Hettich centrifuge Universal 320R cat 1406 and the pellet
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was re-suspended in 1 mL phosphate-buffered saline
solution.
Smear microscopy examination using the Ziehl–Nielsen
method (0.3% carbol-fuchsine, heated) was performed from
the re-suspended pellet. Results were reported as negative,
scanty and positive (1+ to 3+) according to the International
Union Against Tuberculosis and Lung Disease/WHO scale
[19].
Thin-layer agar culture was performed as described by
Martin and Palomino [20]. For each sample, two plates were
inoculated (without spreading), each one with 100 lL of
re-suspended pellet. One plate was prepared by means of a
reusable 60 9 15 mm Pyrex Petri dish containing 10 mL
Middlebrook agar 7H11 (Difco 0838-17), supplemented with
10% OADC (oleic acid, albumin, dextrose and catalase)
(Becton Dickinson, Franklin Lakes, NJ) and piperacillin,
trimethoprim and amphotericin B (Sigma Aldrich, St Louis,
MO, USA; shelf life of the stock solution: 6 months at 20°C),
all at 4 mg/L. The second plate was prepared as above and
supplemented with 2% freshly prepared p-nitro-benzoic acid
(PNB) solution at 500 lg PNB/mL (ﬁnal concentration:
10 lg PNB/mL of medium). The inoculum was allowed to be
absorbed by the medium overnight under the safety cabinet.
Plates were then sealed with paraﬁlm, leaving a space of 1–
2 cm, incubated at 37°C in 5% CO2, checked after 24 h for
contamination and then examined twice a week up to 6 weeks
with a conventional microscope with a low-power objective
(109). A positive culture was identiﬁed by the characteristic
colony morphology of Mycobacterium tuberculosis growth,
taking into account consistency, colony border and cord
formation. Non-tuberculous mycobacteria were recognized by
their lack of cording and the ability to grow on PNB. Fungal or
bacterial contamination was recognized by rapid overgrowth
on plates. Further identiﬁcation of non-tuberculous mycobac-
teria was performed at the reference laboratory in the
Institute of Tropical Medicine. The shelf-life of the TLA plates
was 2 months at 4°C.
LJ was prepared following the standard operating proce-
dures recommended by the Indonesian National TB Pro-
gramme [21], which are in line with the WHO guidelines [22].
For each sample, two tubes containing LJ and one containing LJ
and PNB were inoculated with 100 lL of re-suspended pellet.
Plates were read twice weekly up to 8 weeks. A single ﬁnal
result was given for each sample.
Quality control for both culture methods was performed
using H37Rv reference strain.
Data collection and analysis
Data on the suspect’s gender, age, symptoms, examinations
and diagnosis were collected. In the laboratory, results of
smear, cultures and time to detection of growth were
recorded in separate registers by blinded technicians. Data
were entered in a database and checked for errors. Statistical
analysis was performed using SPSS for Windows v20 and the
online software OPENEPI [23]. To evaluate sensitivity, in the
absence of a reference standard, we used a composite
reference standard [24] composed by bacteriologically proven
TB by positive culture in any of the media, as generally done
[5,6,8,10,13,25]. Exact 95% CI were calculated for propor-
tions. The McNemar test was used for pairwise comparisons
of proportions. The degree of agreement between tests was
determined by a Kappa concordance analysis. Time to
detection of growth was compared using Mann–Whitney U
test for unpaired comparisons and Wilcoxon signed rank test
for paired comparisons.
Sample size considerations
Based on standard sample size calculation for diagnostic test
evaluation [24], assuming a sensitivity of 80% of TLA versus the
composite reference standard described above and a precision
of  5%, specimens from at least 245 TB cases were needed.
Based on an expected TB prevalence of 18% among TB
suspects, at least 1300 TB suspects had to be included.
Ethics
The ethics committee of Faculty of Medicine, Gadjah Mada
University, Institutional Review Board of National Institute of
Health Research and Development, Indonesia and the Institute
of Tropical Medicine Institutional Review Board approved the
study. All participants gave written informed consent.
Results
Of 2836 new TB suspects presenting to the clinics during the
study period, 1414 were included. Reasons for non-inclusion
were: for 53 (4%), age below inclusion criteria, for 609 (43%),
residency outside Jogjakarta municipality, for 760 (53%) the
reason was not reported. The ﬁrst spot sample was collected
for all but 73 suspects, whose morning sample was used.
A total of 164 (12%) samples had a 1+ to 3+ smear, 99 (7%)
scanty, 1151 (81%) negative. Table 1 shows the results of
cultures: the proportion of positive cultures was signiﬁcantly
higher (p 0.04) for TLA than for LJ; on the other hand, the
proportion of contaminated cultures was signiﬁcantly higher
(p <0.01) for TLA than for LJ.
Only one sample was positive for non-tuberculous myco-
bacteria, only on TLA. The same sample was positive for
M. tuberculosis on LJ and it was excluded from the analysis on
sensitivity.
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Table 2 shows the pattern and frequency of occurrence of
test results. There was complete concordance of the three
tests in 81% of samples (in 74% all negative, in 7% all positive).
Considering only cultures, 120 (8%) were positive on both
methods, 18 (1%) were positive on LJ and negative on TLA, 36
(3%) were positive on TLA and negative on LJ, 10 (1%) were
positive on LJ and contaminated on TLA, 12 (1%) were positive
on TLA and contaminated on LJ, 1148 (81%) were negative on
both methods, 49 (4%) were negative on LJ and contaminated
on TLA, 7 (0.5%) were negative on TLA and contaminated on
LJ, 13 (1%) were contaminated on both methods. The kappa
coefﬁcient was 0.64 (95% CI 0.59–0.69; p <0.01).
As shown in Table 3, a total of 196 TB cases (14%) were
identiﬁed using the composite reference standard. The sensi-
tivity of TLA was signiﬁcantly higher (p 0.03) compared with LJ
and, for both methods, it was lower in smear negative samples.
Among 163 samples with a 1+ to 3+ smear, 131 (80%) TB
cases were identiﬁed using the composite reference standard
compared with 11 out of 99 (11%) samples with scanty smear
and 54 out of 1151 (5%) with negative smear. Considering only
the 1322 samples uncontaminated in both cultures, 174 TB
cases (13%) were identiﬁed using the composite reference
standard; the sensitivity of TLA was 0.90 (95% CI 0.84–0.94),
signiﬁcantly higher (p 0.02) compared with LJ (0.79; 95% CI
0.73–0.85); the kappa coefﬁcient was 0.79 (95% CI 0.74–0.85;
p <0.01).
Most (96%) samples were processed on arrival at the
laboratory. Only 57 were processed with a delay (median
4 days). Information on time to detection was available for all
positive cultures (Table 4). The median time in days from
reception into the laboratory to detection was signiﬁcantly
shorter (p <0.01) for TLA than for LJ. Seventy-ﬁve percent of
positive samples were detected within 19 days on TLA versus
52 days for LJ. On TLA, the median time to detection was
signiﬁcantly shorter (p 0.01) for smear-positive samples than
for smear-negative ones. The results did not change meaning-
fully when excluding the 57 samples with delayed processing.
Discussion
In this prospective study on a large number of sputum samples,
TLA proved to be a more rapid and sensitive test than LJ for
the detection of M. tuberculosis in people with suspected
pulmonary TB.
TABLE 1. Sputum culture results in 1414 new tuberculosis
suspects in Jogjakarta, Indonesia, July 2010–2011
Result
Thin-Layer Agar
n (%)
L€owenstein–Jensen
n (%)
Positive, Mycobacterium tuberculosis 168 (12) 149 (11)
Positive, Non-tuberculous
Mycobacterium
1 (0.1) 0
Negative 1173 (83) 1233 (87)
Contaminated 72 (5) 32 (2)
Total 1414 (100) 1414 (100)
TABLE 2. Pattern and frequency of test results in 1414 new
tuberculosis suspects in Jogjakarta, Indonesia, July 2010–2011
Thin Layer Agar L€owenstein-Jensen
Concentrated
Smear n (%)a
+ + + 92 (7)
+ + Scanty 6 (0.4)
+ +  22 (2)
+ Contaminated + 8 (1)
+ Contaminated  4 (0.3)
+ Contaminated Scanty 0
Contaminated + + 7 (1)
Contaminated +  2 (0.1)
Contaminated + Scanty 1 (0.1)
+  + 17 (1)
+  Scanty 2 (0.1)
+   17 (1)
 + + 8 (1)
 + Scanty 2 (0.1)
 +  9 (1)
  + 25 (2)
  Scanty 81 (6)
   1042 (74)
Contaminated  + 3 (0.2)
Contaminated  Scanty 5 (0.4)
Contaminated   41 (3)
 Contaminated + 0
 Contaminated Scanty 0
 Contaminated  7 (1)
Contaminated Contaminated + 4 (0.3)
Contaminated Contaminated  7 (1)
Contaminated Contaminated Scanty 2 (0.1)
Total 1414 (100)
+, positive for Mycobacterium tuberculosis; , negative for Mycobacterium tubercu-
losis.
aPercentages do not add up to 100 because of rounding.
TABLE 3. Sensitivity of Thin Layer
Agar and L€owenstein–Jensen strati-
ﬁed by smear results, according to
the composite reference standard
‘Any positive culture’, in 1413 new
tuberculosis suspects in Jogjakarta,
Indonesia, July 2010–2011
Smear (total n)
Any culture
positive, n
TLAa
positive, n
Sensitivity TLAa
(95% CI)
LJb
positive, n
Sensitivity LJb
(95% CI)
All (1413) 196 168 0.86 (0.80–0.90) 148 0.76 (0.69–0.81)
Positive (262) 142 125 0.88 (0.82–0.93) 115 0.81 (0.74–0.87)
3 + (45) 43 41 0.95 (0.85–0.99) 35 0.81 (0.68–0.91)
2 + (36) 33 30 0.91 (0.77–0.98) 28 0.85 (0.70–0.94)
1 + (82) 55 46 0.84 (0.72–0.92) 43 0.78 (0.66–0.88)
Scanty (99) 11 8 0.73 (0.42–0.93) 9 0.82 (0.52–0.97)
Negative (1151) 54 43 0.81 (0.67–0.89) 33 0.61 (0.48–0.73)
aTLA, Thin-Layer Agar.
bLJ, L€owenstein–Jensen.
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This is the only study carried out on a consistent number of
samples with homogeneous characteristics (only sputa), in an
area of low HIV prevalence.
A study limitation is the absence of information on the HIV
status of the participants, but we do not expect a high
proportion of HIV positives, because a low prevalence of HIV
in TB patients (1.9%) was previously found in the same setting
[16]. Our results are not applicable to specimens other than
sputum and, because we included only new suspects never
treated for TB, they may possibly only be extrapolated to such
cases.
The proportion of samples with scanty smear was high (38%
of the 263 positive smears) and can be only partially explained
by the fact that we used concentrated sputum, which increases
the sensitivity of microscopy [26]. The possibility of false
smear positivity cannot be completely ruled out. The percent-
age of samples with scanty smear and one or both positive
cultures was particularly low (10%). Decontamination can
result in killing of bacteria, leading to false negative culture [27]
and this might become more evident in particularly sparse
bacillary samples, such as those with scanty smear on
concentrated sputum. We checked whether errors in the
decontamination procedures could have led to ‘overkilling’ of
bacteria, but did not ﬁnd any overt irregularity. Comparisons
with other studies are unfortunately impossible: few reported
the smear reading scale and none provided speciﬁc information
on scanty smears.
The sensitivity of TLA was higher than that of LJ. Robledo
et al. [5], whose study is the most comparable to ours, made
similar observations. A recent systematic review [28] esti-
mated an overall pooled sensitivity of TLA of 0.87 (95% CI
0.79–0.94) for the diagnosis of TB, but it reported consider-
able heterogeneity in the results. Indeed, the included studies
were carried out in varied settings and used diverse methods:
most included other samples besides sputum, some included
only smear-positive or smear-negative samples, some used
both solid and liquid culture as reference standard, some did
not use a composite reference standard.
The performance of both cultures was lower in smear
negative samples, in particular for LJ. This is in agreement with
other studies [5,8,14,29] and was reported also for genetic
testing [30] and liquid culture [25].
The contamination rate of TLA in our study was low (5%)
and comparable to that in other observations [5,9,10,13]. The
reason for some studies reporting a higher contamination rate
[9,14,25] might be related to the long time lag between sample
collection and processing [25], the inclusion of only smear
negative samples [14] and/or the use of a lower antibiotics
concentration [9,14] compared with our study.
Concordance between TLA and LJ was good and, excluding
contaminated samples, the Kappa coefﬁcient was 0.79. The
only previous study reporting this [11], observed a lower
concordance (j = 0.58) for pulmonary samples, but it included
other respiratory samples besides sputum.
Similarly with other studies [5–11,14,29], time to detec-
tion was remarkably shorter for TLA than for LJ and, for TLA,
it was shorter in smear-positive versus smear-negative
samples.
Besides a good sensitivity and a short time to detection, TLA
has other advantages. It does not require additional sophisti-
cated laboratory equipment to that needed to perform
conventional culture. In the current study, including decon-
tamination, it had a moderate cost of 4.6 euros per test for
reagents and consumables. Importantly, the training needed
was short (5 days) and it is easy to gain expertise in
microscopic visualization of colonies. Simultaneous inoculation
in PNB allows direct identiﬁcation of the growth without the
need for opening the plates and avoids the biosafety risk related
to this procedure. Liquid culture such as on Mycobacteria
Growth Indicator Tube has a similar time to detection and
sensitivity [25] but it lacks most of these advantages. TLA is also
used for the rapid detection of drug-resistant tuberculosis, with
fast turnaround time, similar to automated commercial liquid
culture drug susceptibility tests [31]. Other non-commercial
techniques such as Nitrate Reductase Assay and Microscopic
Observation Drug Susceptibility, have also been shown to be
accurate and rapid yet inexpensive methods both for diagnosis
of TB and drug sensitivity testing [28,31,32]. GeneXpert is even
more rapid to perform but it does not eliminate the need for
culture facilities, it requires cumbersome operating conditions
and the cost is still prohibitive in most high-incidence settings,
especially as ﬁrst-line diagnostic test [33]. The major bottleneck
of TLA is the need for microscopic observation. In our study it
took around three minutes to read a plate (Ktut Rentyasti
Palupi, personal communication). One reader could handle
TABLE 4. Median time in days from entry of sample into
laboratory to detection on culture on Thin Layer Agar and
L€owenstein–Jensen, stratiﬁed by smear results, in new tuber-
culosis suspects in Jogjakarta, Indonesia, July 2010–2011
Method smear result n
Median
time (95% CI)
Interquartile
range p value
Thin layer agar 168 12 (11–13) 8–19 <0.001a
Smear negative 43 15 (12–19) 10–24 0.01b
Smear positive
(1 + to 3 + or scanty)
125 11 (10–13) 8–18
L€owenstein–Jensen 149 44 (43–45) 36–52
Smear negative 33 43 (42–45) 39–49 0.84b
Smear positive
(1+ to 3+ or scanty)
116 44 (42–46) 36–50
aThin Layer Agar versus L€owenstein–Jensen.
bSmear negative versus smear positive.
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reading 120 plates/day, which corresponds to an inﬂow in the
laboratory of 30 samples/week, making TLA more suitable for
a laboratory with medium to low workload. LJ is less
work-intensive than TLA and is cheaper (including decontam-
ination, around three euros for reagents and consumables in
our study), but the lower sensitivity and longer turnaround
time are a disadvantage.
In conclusion, TLA is a simple, accurate, reasonably priced
and rapid method for the diagnosis of pulmonary TB.
Implementation studies are urgently needed to evaluate the
cost-effectiveness and impact of its introduction into
programmatic settings.
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